The aim of this study was to characterize the spatial variability of soil bulk density (Bd), soil moisture content (θ) and total porosity (Tp) in two management systems of sugarcane harvesting, with or without burning, in a Haplustox soil, in the 0-0.20 m layer. The study area is located in Rio Brilhante, state of Mato Grosso do Sul, Brazil, in Eldorado Sugar Mill. The plots have presented 180 m length, and 145.6 m width, totaling 90 points distributed in the form of a grid of nine rows by ten columns, with points spaced 20 m from its neighbor. Soil samples were collected at 0-0.20 m layer in 2007/2008 and 2008/2009 crops. The harvest with burning system had a higher density compared to mechanized harvest, in the two study periods. The moisture content as well as the porosity increased proportionally with the decrease of the density of the harvest burning system compared to the mechanized. KEYWORDS: mechanized harvesting, bulk density, Saccharum spp. 
INTRODUCTION
For the plant to be able to fully deploy its roots in the soil profile for water and nutrients, it is necessary that it presents a good condition of physical and chemical structure, allowing changes due to management applied, thus aiming higher productivity (FREDDI et. al., 2006) .
With the use of machines and implements of greater weight in the cultivation and management of sugarcane, it becomes necessary the development of researches that attempt to determine the impact of these practices in their physical and hybrid attributes (SOUZA et. al., 2006a) .
For determination of soil physical quality, different properties are analyzed related to the shape and structural stability, such as density, porosity, moisture content and soil resistance to root penetration (SILVA et. al., 2005) .
Soil compaction refers to the increase of density as a result of reducing its volume. This results in the expulsion of air from the pores and therefore a particle rearrangement, reducing porosity and increasing the density (RALISCH et. al., 2008) .
Because of that, the recent trend of adopting farming practices that lead to greater sustainability of the system persuades sugarcane agro-industry to review its processes, including harvesting cane without previous burning or without straw removal by burning, called a raw cane, or green cane.
According to VITTI et al. (2008) , the residues of sugarcane left by mechanical harvest represents around 15 t ha -1 of dry matter on the soil, 20 to 80 kg ha -1 of nitrogen, and half of that value in the form of sulfur, forming a layer of 8-10 cm thick.
According to JOHNSON & RICHARD (2005) , the economic importance in the culture of sugarcane justifies studies of spatial variability of soil attributes. Using these techniques, there is greater understanding of variations in the crop, thereby determining whether or not an attribute displays the spatial structure and, once known the model of spatial dependence, it is possible to map the studied area, providing a better management decision.
The objective of this study was to characterize the spatial variability of soil physical properties in two management systems in sugarcane harvest, raw and burning, on a Dystrophic Haplustox at a depth of 0-0.20 m.
MATERIAL AND METHODS
The area of the study is located in the municipality of Rio Brilhante, in the State of Mato Grosso do Sul, Brazil, at Eldorado Sugar Mill (Usina Eldorado-ETH Bioenergia S/A), located in geographical coordinates, latitude 21°50' S and longitude 53°57' W at an elevation of 312 m. The climate was characterized as tropical Aw, according to Köppen-Geiger, with average rainfall of 120 mm per month. The distribution of sampling points in the mesh was made in a grid form, of nine rows by ten columns, with a point distant from its neighbor at regular intervals of 20 m. Soil samples were collected in two periods, 2007/2008 and 2008/2009 , just after the second and third sugarcane cutting, respectively.
In the pre-established period, a sample was removed of each point in the depth of 0-0.20 m, totaling 360 samples in the two plots and periods. Soil samples were collected using the volumetric rings of deformed structure with a volume already known, with samplers (Type Uhland).
The wet sample mass was measured and it was then dried at a temperature of 105 °C, until reaching constant mass for determination of bulk density (Bd), water content (θ) and porosity (Tp).
Initially, it was applied the procedures of descriptive statistical analysis with the help of the program STATISTICA 4.3 to visualize the general behavior of the data. The attributes that showed discrepant values ("outliers") were discarded and, in these situations, it was applied again the exploratory analysis.
For analysis of normality, was applied the parametric test of Shapiro & Wilk, where the study of percentage points was based on the table presented by REES (1995) , and non-parametric of normality of Kolmogorov-Smirnov (KS), obtained in the same program.
Through data analysis, it could verify and describe their mathematical and statistical measures, which improves the efficiency of the analysis and helps in the decision of the hypothesis of stationarity which may be assumed (FOLEGATTI, 1996) .
Later, geostatistical techniques were applied in the study of spatial variability, with the construction of semivariograms to analyze the degree of spatial dependence among the 90 points of each plot, in each period, in the studied layer, using the application GS + (version 7.0). Tables 1, 2 and 3 show the values obtained for the descriptive statistical measures of the variables density, water content and porosity, respectively, for the layer of 0-0.20 m of soil in both systems of sugarcane harvest, in each period. In relation to the mean and median values, it is observed that in all the variables and the two harvesting systems, the ratio mean/median is close to 1, showing symmetric distributions, which may also be confirmed by asymmetry values near zero.
RESULTS AND DISCUSSION
Corroborating these results, CORÁ & BERALDO (2006) studied the spatial variability of soil properties in Haplustox soil with sugarcane, and they observed that the values of the mean and median for all variables were similar.
According to CAMBARDELLA et al. (1994) , this may be an indication that the measures of central tendency are not dominated by outliers in the distribution.
Usually, measures of central tendency are insufficient to fully describe a set of data, so it was necessary to use measures of dispersion to enrich this description.
According to ORTIZ (2003) , for a normal distribution, the kurtosis coefficients must be zero, and the values between +2 and -2 are accepted. It is noted in Table 1 and Table 3 that the kurtosis coefficients of the variable Tp and Bs are close to zero, indicating symmetric distributions. On the contrary, it is observed in Table 2 that for the variable θ, these values were more distant from zero, thus indicating asymmetric distributions.
For variable moisture content (Table 2) , even with relatively high values of kurtosis in mechanized harvesting, it may be verified that, in the management with previous burning, the values are within the acceptable range. According to SOUZA (1999) , where it is indicated a marked asymmetry to the right or left, there may be a high frequency of values below or above mean, respectively.
The variability of the soil properties (Table 1, 2 and 3) measured by the coefficient of variation may be considered as the first indication of heterogeneity in the data. The maximum values for all variables and the two harvesting systems (Table 1, 2 and 3) are outside the range given by the upper quartile. According to CARVALHO (2006) , this suggests that the data are possible candidates for asymmetric values.
Thus, in Tables 1, 2 and 3 it is confirmed that the mechanized system obtained values lower in density, with increasing porosity, and, consequently, the moisture content of the soil. SOUZA et al. (2005) comparing the harvest system on sugarcane also found better structural conditions of the soil with straw management system, assuming that was due to the addition of about 12 t ha -1 of plant material as straw.
Even with the low coefficient of variation obtained in most variables, the graphs of semivariograms (Figure 1) showed no spatial dependence in much of the management with burning, in the first analyzed period. According to CAMPOS et al. (2008) , the reach indicates the limit of the spatial dependency of the variable, i.e., measurements performed at distances greater than the extent has a random spatial distribution, and therefore is independent of each other. Moreover, measurements performed at distances smaller than the range are correlated with each other, which allow us to make interpolations for spacing smaller than the sampled.
Looking at the graphs that showed pure nugget effect in Figure 1 (graphs A, G and I), it may observe that its range does not indicate any correlation between sampling points in the distance of 20 m, but it does when it is more than 100 meters, showing the full spatial independence, confirmed by the coefficient of determination (r 2 ) of less than 5%. Although the graphs B, F and J present range ranging from 41.80 to 135.80 m, the coefficient r 2 (>5%) indicates a correlation between neighboring points, despite the trend line of the graphics.
In general, the other graphs presented range around 16.8 m to 17.9 m for the variable density, 18.5 to 19.2 m for the variable moisture content, and 16.2 to 18.2 m for the variable total porosity, with coefficient r 2 greater than 5%. In order to analyze the degree of spatial dependence of the physical attributes under study, we used the classification of CAMBARDELLA et al. (1994) , where it is calculated the ratio Co/(Co+C). Thus, it is considered strong spatial dependence in semivariograms which have a nugget effect of 75% of the baseline, moderate when it is between 25 and 75%, or low if the ratio is less than 25%.
The analysis of the relation Co/(Co+C) showed that all variables have low degree of spatial dependence, contrary to the claims of SOUZA et al. (2010) , except for the variable moisture in the mechanized management (second period) which had moderate spatial dependence.
The model of the semivariogram, mostly, was fitter for the Gaussian model, in disagreement with SIQUEIRA (2006), which obtained the highest setting in the spherical model. To check the normality of data distribution, tests of Shapiro-Wilk and Kolmogorov-Smirnov (KS) were applied, which can be viewed in graphical histograms (Figure 2) . In the other graphs (B, D, H, J, L), the test did not achieve normality and correlated with semivariograms that showed a strong trend in the data.
CONCLUSIONS
The geostatistical methods used were adequate to describe the spatial dependence structure of variables: density, porosity and soil moisture content;
The presence of highest rates in the variable density, comparing the two periods of analysis and management methods, shows that the succession of cycles and time of cultivation of the crop have led to greater increases in density in the mechanized harvesting;
The harvesting system with burning had higher soil bulk density compared to mechanized harvesting system, in two different periods of analysis, which may be suffering from compression;
The soil moisture content and the porosity was clearly increased in proportion with respect to the decrease in density of the harvesting system with burning by the mechanized system, showing the existence of correlation;
The variables studied showed weak spatial dependence structure, especially in the first period of analysis and harvesting management with previous burning of straw.
